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Introduction
Figure I illustrates the multiple pathways through which contracting economies may of an outcome (e.g. low birth weight) among mothers who have the exposure compared to those 144 who do not, whereas aggregate-level (i.e. ecologic) research estimates the association over time 145 between characteristics of an economy (e.g. unemployment rate) and the incidence of an 146 outcome in the population it supports.
147
Individual-level studies can explore multiple mechanisms and pathways through which 148 an exposure affects an outcome but must address potential confounding by individual-level 149 characteristics and cannot account for reverse causation unless data on both economic change 150 and birth outcomes are collected longitudinally. Individual-level findings can be useful for 151 clinicians and public health practitioners in identifying at-risk individuals. These studies may 152 not, however, prove as useful for formulating or evaluating public policy because they are unable 153 to estimate the "net effect" of economic contraction on population health. As noted above, 154 contracting economies may cause some persons to reduce their risk of illness while others 155 experience an increase in morbidity. The "net effect" of economic contraction on the incidence 156 of illness in the population, therefore, equals the illness induced (e.g., by loss of resources or Each study was evaluated on how well it defended its inferences against threats to 167 internal and external validity (Campbell and Stanley, 1963) . Internal validity, or the ability of a 168 study's findings to provide inference about the target population, was assessed as a function of 169 how well studies addressed bias due to confounding, measurement error, and selection bias.
170
External validity was assessed primarily on the degree to which the study population, if a 171 sample, represented the population to which the author intended to generalize results. For many 172 aggregate-level studies, the study population is not a sample but is presumed to be the entire 173 population in a given labor market or economy; in this instance, the extent to which the authors 174 acknowledged or discussed the generalizability of their findings to other similarly defined 175 populations was assessed. A second, but less well-understood, threat to external validity that 176 was not assessed in this review arises from the issue of whether the confounders controlled at a 177 particular time in either individual or aggregate studies similarly confound associations at times, 178 typically in the future, to which the author intends to generalize. I refrain from assessing 179 "temporal generalizability" because the literature offers no agreed response to this threat to 180 external validity.
181
Threats to the internal validity of aggregate time-series studies have received less 182 attention in the literature than threats to individual level studies and, therefore, deserve brief 183 discussion here. Aggregate-level variables often come from archival sources (e.g., the US
184
Bureau of Labor Statistics), rather than original data collection. Because these secondary data 185 were not gathered to test theory, they rarely include measurement of confounding variables such 186 as maternal smoking, pre-pregnancy body mass index, or socioeconomic status. In addition to 187 evaluating the authors' use of adjustment to address measured confounders, I, therefore, assessed 188 how well each aggregate study implemented strategies for defending against confounders omitted from a test either because the author did not suspect or could not measure them through the publication of a finding and subsequent attempts to replicate it in other populations.
225
In order to summarize the quantity, validity, and consistency of empirical evidence for 226 each outcome, I characterized each hypothesized association as supported, speculative, or 227 unsupported. I use "supported" to describe associations reported by more than one study at the 228 same level of analysis with high internal and external validity. Hypothesized associations for 229 which findings are inconsistent or that are supported only by studies with low internal and 230 external validity are described as "speculative". Hypothesized associations rejected by more 231 than one null finding and without any supporting findings are considered "unsupported".
232
Results
233
The search yielded 594 results, of which 506 (85%) were either non-empirical, not involuntary part-time employment, or poverty wage employment during pregnancy (Table I) .
267
The NLSY79 is a nationally representative sample of individuals who were 14 to 22 years old at The quality of the NLSY79 data confers high internal validity on the Dooley and Prause 278 analyses (Table II) . These data allow specification of many potential confounders including 279 maternal pre-pregnancy weight, alcohol use and smoking during pregnancy, trimester of prenatal 280 care initiation, weight gain during pregnancy, and length of gestation. The NLSY79 data have high external validity in that, weighted correctly, they describe 301 the experiences of women born in the U.S between 1957 and 1965 (Table II) . Inclusion in the pregnancy, and their findings, therefore, may not describe the implications of shifting from 304 "inadequate" employment prior to pregnancy to unemployment during pregnancy.
305
The Dooley and Prause (2005) study exhibited high levels of both internal and, assuming 306 generalization only to women adequately employed prior to pregnancy, external validity.
307
Replication with other data validated beyond self-report and measurements of maternal birth (Table I) .
317
The authors did not find evidence of confounding using analyses stratified by maternal age, race, 318 marital status, parity, time since last birth, and previous fetal or infant loss. The possibility of 319 multivariate confounding was not, however, addressed (Table III) , and the authors did not (Table I) .
327
The Joyce (1990) and Joyce and Mocan (1993) studies addressed autocorrelation using 328 methods to adjust for secular trends and, in the Tennessee analysis, cycles in unemployment.
329
The New York study also adjusted for several measured third variables (Table III) A replication of these analyses using more recent data and comparison methods would improve 336 the validity of these findings.
337
Catalano and Serxner (1992a) investigated the effects of "ambient threats to 338 employment" on rates of low birth weight in two California counties (Table I ). The authors first 339 examined a "natural experiment," in which state workers in Sacramento County, California were 340 unexpectedly told to prepare for pay cuts and lay-offs in June, 1978. The decision to reduce state 341 workers was, however, reversed, and none actually lost their jobs. In a second test, the authors 342 examined the effect of unexpectedly low total monthly employment (derived using ARIMA Both tests demonstrated a significant increase in rates of low birth weight among male 345 infants in gestation during "threats to employment" ( Table I ). The threatened lay-offs in
346
Sacramento were associated with increased low birth weight among white and Hispanic infants 347 exposed in the fourth and third month of gestation, respectively. The authors estimated the number (% of total births exposed in the appropriate month) of low weight births attributable to 349 the threatened lay-offs as 9 of 342 (2.6%) white male and 4 of 54 (7.4%) Hispanic male infants.
350
The number of low birth weight infants attributable to economic contraction in the month with 351 the lowest level of employment in LA was eight white and six Hispanic male infants (no 352 denominator reported). The authors acknowledge the small magnitude of these associations.
353
The authors used ARIMA modeling to identify and remove seasonality and other forms 354 of autocorrelation and included the total number of live births as a control variable to account for 355 potential changes in fertility rates (Table III) to make generalizations about his findings beyond the study population (the U.S.), he does risk the ecological fallacy when arguing that mortality prevention might be focused on "…individuals 418 or families who have recently sustained major economic loss." Despite these issues, this study is 419 of note because it was the first to attempt to examine the relationship between unemployment 420 and perinatal mortality.
421
Catalano and Serxner (1992b) examined the effects of periods of unexpectedly high or 422 low employment on rates of neonatal mortality (stratified by race and gender) using monthly data 423 from LA and Orange counties in California (Table I ). The only significant finding in both 424 counties was that neonatal mortality rates were significantly higher than expected among black (Table III) . As discussed above, Dehejia and Lleras-Muney addressed state-specific 
455
Secondary sex ratio
456
Four studies describe the relationship between economic change and changes in the 457 secondary sex ratio (i.e. the ratio of male to female live births). The first study (Catalano, 2003) 458 examined the secondary sex ratio in East Germany during the economic collapse of 1991 (Table   459 I) and found that it was 1.5% lower than the expected value of 1.059, based on history and the
460
West German sex ratio in the same year.
22
Catalano utilized both decomposition and comparison (by controlling for the sex ratio in
462
West Germany) methods to address potentially omitted third variables (Table III) . He also 463 discusses the potential for confounding due to migration of women who gave birth to males 464 from East to West Germany during 1991. Catalano points out that for migration to explain these 465 findings, the sex ratio in West Germany would have also increased in 1991, and the East German 466 sex ratio would have remained low after 1991, neither of which is demonstrated in the data.
467
Although this study exhibits high internal validity, the nature of this economic change is so (Table I) . Results
475
showed that each 1% decrease below the expected value of annual consumption was associated 476 with 25 fewer male births in that year, translating to 2217 male births attributable to increases in 477 consumption over the time of the study.
478
Catalano and Bruckner controlled for total number of live births to address the potential 479 for confounding due to changes in fertility (Table III) . Additionally, these authors used ARIMA 480 decomposition methods to address potential confounding due to autocorrelation. The authors did 481 not utilize either comparison or replication, however, and they acknowledge that replication 482 would increase the external validity of these findings.
Because these first two studies used annual data, the authors could not discriminate 484 between selection against males in utero and alterations in the sex ratio at conception. The model used in this study controlled for the number of female fetal deaths to address 492 potential third variables that would affect conception or gestation in both sexes (Table III) . The (Table I) . (Table III) . These methods may not adequately address potential confounding by generally-or 507 unpatterned locally-occurring third variables. The authors did not find any significant effect of 508 change in GDP on the secondary sex ratio; however, the effect estimates are difficult to interpret 509 due to the first differencing of a percent change variable and the inclusion of a year-specific 510 slope. 
